We present HST /ACS imaging of twenty-three very low surface brightness (µ e,V ∼ 25 − 27.5) galaxies detected in the fields of four nearby galaxy groups. These objects were selected from deep optical imaging obtained with the Dragonfly Telephoto Array. Seven are new discoveries, while most of the others had been identified previously in visual surveys of deep photographic plates and more recent surveys. Few have previously been studied in detail. From the ACS images, we measure distances to the galaxies using both the tip of the red giant branch method and the surface brightness fluctuations method. We demonstrate that the two methods are consistent with each other in the regime where both can be applied. The distances to 15 out of 20 galaxies with stable measurements are consistent with that of the targeted group within errors. This suggests that assuming group membership based solely on projected proximity is ∼ 75 % successful in this regime. The galaxies are nearly round, with a median axis ratio of 0.85, and visually resemble dwarf spheroidal galaxies. The objects have a range of sizes, from R e = 0.4 kpc to R e = 1.8 kpc, with a median R e = 1.0 kpc. They range in luminosity from M V = −11.4 to M V = −15.6, with a median M V = −12.4. Galaxies with R e ∼ 1 kpc and M V ∼ −12 are fairly rare in the Local Group but we find many of them in this relatively small sample. Four of the objects fall in the class of ultra diffuse galaxies (UDGs), with R e > 1.5 kpc and µ 0,V > 24 mag arcsec −2 , including the recently identified dark matter deficient galaxy NGC 1052-DF2.
INTRODUCTION
While studies of low surface brightness (LSB) galaxies date back several decades (Bothun et al. 1987; Impey et al. 1996) , advances in instrumentation are now allowing us to push down to ever dimmer limits and reveal the diversity of the LSB universe.
We have been taking deep, wide field images of the sky using a robotic, refracting, low-surface brightness optimized telescope called the Dragonfly Telephoto Array . Using this telescope, a substantial population of ultra-diffuse galaxies (UDGs) featuring extremely low surface brightnesses (µ 0,g > 24 mag arcsec −2 ) and large effective radii (R eff > 1.5 kpc) was identified by van Dokkum et al. (2015) in the Coma cluster. These UDGs have drawn significant attention in recent years and subsequent searches have found similar objects in other galaxy clusters including Virgo (Mihos et al. 2015) and Fornax (Muñoz et al. 2015) . The formation of UDGs is a topic of vigorous debate in the literature (see, e.g., Mowla et al. 2017; Beasley & Trujillo 2016; Di Cintio et al. 2017) .
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Dragonfly is also contributing to our knowledge of galaxies in groups and the general field, as in most ∼ 6 square degree images of bright nearby galaxies there are low surface brightness objects that may be dwarf satellites of the primary galaxy (see, e.g., Karachentseva & Karachentsev 1998; Karachentsev et al. 2000) . This low surface brightness approach complements searches that use star counts (e.g. Belokurov et al. 2007; Martin et al. 2013; Smercina et al. 2018) as it can be used effectively at relatively large distances (see Danieli et al. 2018) .
We have obtained images of a sample of nearby galaxies in the context of the Dragonfly Nearby Galaxy Survey (DNGS; Merritt et al. 2016a,b) . The galaxies in this survey are the nearest objects in bins of absolute magnitude, with additional constraints on Galactic cirrus emission and visibility from the New Mexico Skies Observatory. The first galaxy that we observed was the nearby massive spiral M 101 . We identified seven previously-unknown low LSB objects . Follow-up HST /ACS imaging was used to measure distances using the tip of the red giant branch (TRGB) method, and it turned out that, surprisingly, only three out of the seven objects are in fact dwarf galaxies at the distance of M 101 (Danieli et al. 2017) . The other four are most likely UDGs associated with the background NGC 5485 group at a distance of ∼ 27 Mpc (Merritt et al. 2016b) .
In this paper we describe HST /ACS observations of 23 other low surface brightness objects in four of the DNGS fields. More than half of the galaxies had already been identified in previous searches (Karachentsev et al. 2000; Trentham & Tully 2002; Kim et al. 2011; Karachentsev et al. 2013 Karachentsev et al. , 2014 Karachentsev et al. , 2015 Müller et al. 2018 ), but they had not been studied in detail and none had accurately measured distances. In this work we present these new ACS data, and measure structural parameters and distances of the galaxies. One object in this sample is NGC 1052-DF2, which has already been the subject of several papers (van Dokkum et al. 2018a,c,b; Abraham et al. 2018; Martin et al. 2018; Laporte et al. 2018; Nusser 2018; Wasserman et al. 2018 ).
OBSERVATIONS AND DATA REDUCTION

Identification with Dragonfly
The diffuse galaxies examined in this work were identified as candidates in deep images taken with Dragonfly in a 10-lens configuration.
1
The images are centered on bright galaxies in four nearby groups: NGC 1052, NGC 3384 (in the M 96 group), NGC 4258, 1 At the time of writing, Dragonfly has 48 lenses.
and NGC 1084. The deep frames are coadds of many 600 second exposures. Typical total exposure times were between 15 and 25 hours per field (see Merritt et al. 2016a ) in g and r filters.
The LSB candidates were identified by visually inspecting the Dragonfly images. This method is not objective and thus the sample is likely to be incomplete; in the future we will re-analyze the Dragonfly data using more objective techniques. The 23 candidates which were subsequently observed with HST are shown in the Dragonfly images of Figure 1 . Their basic information can be found in Tables 1 and 2 . Sixteen of the galaxies had been seen before, in visual inspections of deep photographic plates and other more recent surveys. The designations and references given to these previous detections are given in Table 1 . The remaining seven are new discoveries; they are typically the fainter objects in the sample. Note that all these galaxies are bright, unambiguous detections (see Figure 1) ; we are not probing the limits of the Dragonfly imaging in this paper.
HST Imaging
As part of our Cycle 24 HST program 14644, we observed 23 candidate LSBs with the ACS/WFC. In the NGC 4258 and M 96 fields we obtained a single orbit per galaxy, split into two dithered exposures in the I 814 filter totaling 1164 (NGC 4258) and 1096 (M 96) seconds, and two dithered exposures in the V 606 filter totaling 1094 (NGC 4258) and 1026 (M 96) seconds. In the NGC 1052 and NGC 1084 fields we obtained two orbits per galaxy, split into four dithered exposures in the I 814 filter totaling 2320 seconds and four dithered exposures in the V 606 filter totaling 2180 seconds. The choices of these exposure times were motivated by the distances of the primary galaxies in these fields and, in turn, the estimated depth needed to determine distances of the low surface brightness objects (Section 4) if they are associated with the primary galaxies. For reference, we adopt the following distances: For M 96 we adopt the group distance of Tully et al. (2013) , D = 10.7 ± 0.3 Mpc, which is derived from a combination of Cepheid, SBF, and Tully-Fisher measurements. For NGC 4258 we use the highly accurate maser distance, D = 7.6 ± 0.2 Mpc (Humphreys et al. 2013) . For NGC 1052 we adopt D = 20 ± 1 Mpc which is an average of SBF measurements from Blakeslee et al. (2001) and Tully et al. (2013) . For NGC 1084 we adopt D = 18.5 ± 1 Mpc which is rough average from recent supernova (Barbarino et al. 2015) and Tully-Fisher (Tully et al. 2016) measurements.
The ACS exposures were bias-and dark-currentsubtracted, flatfielded, and CTE-corrected by the standard STScI pipeline, resulting in calibrated 'flc' files. The zoomed insets show the LSB galaxies and span 2 on a side. Within each of the four panels, the pixel stretch of the main frame is the same as that of all the zoomed insets, and the zoom is the same for each of the insets. All frames have North up and East to the left. Each Dragonfly frame spans approximately 3
• × 3
• . Figure 2. Pseudo-color images created from HST /ACS V606 and I814 images using the Lupton et al. (2004) algorithm. From left to right and top to bottom, the galaxies are ordered by effective surface brightness in the V606-band. All panels are displayed using the same pixel stretch. Each panel spans 1 on a side. North is up and East is to the left. Newly discovered galaxies are marked with 'new' in the corner. Figure 2 , each panel is displayed using a different pixel stretch that makes the respective galaxy easily visible. Newly discovered galaxies are marked with 'new' in the corner.
Using the latest version of DrizzlePac 2 , we produced our own drizzled frames from the 'flc' files after cleaning them from cosmic rays using LA-Cosmic (van Dokkum 2001) and aligning them using the TWEAKREG utility of DrizzlePac. All galaxies were drizzled to a reference frame that has North up and East to the left, with pixel size of 0.05 . Pseudo-color images of all the objects in the sample, generated from the drizzled frames, ordered by effective surface brightness, are shown in Figure 2 . In this figure, all panels are shown using the same pixel stretch in order to enable meaningful comparison in surface brightness levels and overall color. However, it is difficult to see some of the most diffuse objects on this stretch; we therefore also include Figure 3 which displays the V 606 + I 814 data after smoothing and using a different pixel stretch in each panel appropriate for the surface brightness of the particular galaxy.
Visually, most of the galaxies appear to be featureless "blobs", superficially resembling dwarf spheroidal galaxies in the Local Group. We see no galaxies with spiral arms or other regular morphological substructure. Against the backdrop of this overall similarity, we do see differences within the sample including:
• Several of the galaxies appear to contain one or more star cluster-like objects and/or a bright, central nuclear star cluster, while others have none.
• One of the galaxies, NGC 1052-DF2, was recently identified as a dark matter deficient galaxy from kinematic measurements of its globular clusters (van Dokkum et al. 2018a,b) ; the clusters themselves are also interesting as their average brightness and degree of flattening are unusually high (van Dokkum et al. 2018c ).
• Blue, star-forming clumps are clearly visible in NGC 1084-DF1 and NGC 1052-DF8 (and both objects are detected, at least visually, in archival GALEX observations), while most of the others appear much smoother and redder.
In what follows, we use the ACS imaging data to quantify the structure of the galaxies and derive distance estimates. We use AB magnitudes everywhere except for the stellar photometry and TRGB analysis (Section 4). steps, which we summarize here. In order to ensure stable fits to these faint galaxies, we aggressively masked all contaminating sources. To do this, we first created an initial mask for each frame by running SExtractor (Bertin & Arnouts 1996) on the drizzled I 814 frames. SExtractor was run with a relatively high threshold to avoid detecting the low surface brightness galaxies themselves; the goal is to detect only the contaminating sources. In order to improve the masking of the diffuse light around the edges of bright sources, we then grew the mask by smoothing it with a Gaussian and absorbing all pixels higher than some threshold value (typically 0.05, where 1 is the value of a masked pixel in the original mask and 0 is the value of an unmasked pixel) into the mask. We also added some features by hand, in particular diffraction spikes from bright stars and other artifacts. We also make sure that the nuclear and globular star clusters assumed to be associated with the LSB galaxies (Section 6.3) are masked.
GALFIT was run on the summed, drizzled I 814 + V 606 images. We used the summed images as they provide more stable fits than the (lower S/N) individual bands. A single Sérsic function was used as the model, allowing all parameters to vary. For each galaxy, we ran the fits multiple times, each time updating the fitting region, the 'guess values' for the model parameters, and the mask, until the model parameters converged and the residuals were deemed satisfactory. The final model fits and residuals are shown in Figure 5 . In order to measure the V 606 and I 814 magnitudes, we then ran GALFIT on the V 606 and I 814 frames separately, holding all parameters (except for the magnitude) fixed to the values of the best fit model determined for the summed image. From the model parameters, we calculated the central and effective surface brightness (defined as the average surface brightness within the effective radius) for each galaxy using equations provided in Graham & Driver (2005) . Measured properties are given in Table 2 .
As expected, the galaxies are very diffuse, having a median V 606 central surface brightness µ 0,V = 24.7 mag arcsec −2 and median effective surface brightness µ e,V = 26.0 mag arcsec −2 . In Figure 4 we show the distribution of Sérsic indices and axis ratios for the sample; there is no significant relation. The majority of the galaxies are well-fitted by a Sérsic function of Sérsic index n < 1, with none exceeding n ∼ 1.5 and a median n S = 0.8. Barring two or three clear exceptions, most of the galaxies are remarkably round, with a median axis ratio b/a = 0.85. The immediate implication is that the galaxies are not a population of thin disks, as they would then have an average axis ratio of ∼ 0.5. 
STELLAR PHOTOMETRY AND TRGB DISTANCES
Inspection of the high-resolution ACS images reveals that many (although not all) of the galaxies are clearly resolved into stars. To measure the stellar photometry, we used the publicly available ACS module of DOLPHOT, a modified version of HSTphot (Dolphin 2000) . The photometry was carried out on the calibrated 'flc' files for all galaxies in the sample, even those that did not appear to be obviously resolved into stars. Artificial star tests were also performed on the images, using the artificial star utilities in DOLPHOT, in order to quantify the photometric errors and completeness. We followed the usual procedures for performing ACS photometry as outlined in the manual 3 , including preprocessing steps such as hot pixel masking, sky determination, and image alignment. DOLPHOT parameters were set as recommended in the manual for these kind of data.
The final catalogs produced by DOLPHOT include the position, flux, flux uncertainty, sharpness, crowding, χ 2 , and many other parameters for each photometered source. As in previous studies (e.g. Dalcanton et al. 2009; Radburn-Smith et al. 2011; Danieli et al. 2017; McQuinn et al. 2017) , we apply strict cuts to the output catalogs in order to produce high quality final catalogs. We adopt the crowding and sharpness cuts used by Radburn-Smith et al. (2011) , and the signal to noise ratio cuts used by McQuinn et al. (2017) . Figure 6 presents the color-magnitude diagrams (CMDs) for the sample. For each galaxy, the CMD is populated by the detections enclosed within an elliptical region of size 2R e centered on the galaxy, where R e , as well as the axis ratio and position angle of the ellipse, correspond to the best fitting Sérsic model from GALFIT. The light grey points show all detections before applying the quality cuts, while the black points show the detections remaining after applying the cuts. The number in the bottom right of each panel indicates the number of black points. The error bars on the left indicate the mean photometric uncertainties, in bins of Figure 4 . Sérsic indices and axis ratios of the galaxies in this sample (blue circles and blue, solid histograms), measured using GALFIT. It is seen that the majority of these objects are fairly round ( b/a = 0.85) and have light profiles slightly less concentrated than an exponential ( nS = 0.8). Also plotted are the outer halo satellites of the Milky Way (orange squares and orange, dashed histograms), from Table 5 of Munoz et al. (2018) . Only objects with Re > 25 pc from their Table 5 are plotted, in order to remove globular clusters.
I 814 , as measured by DOLPHOT. The photometry has also been corrected for Galactic extinction using NED's Galactic Extinction Calculator 4 . As we can see, several of the galaxies are almost completely unresolved into stars while others exhibit a clearly identifiable red giant branch (RGB) (see Figure 6 of Radburn-Smith et al. (2011) for an illustration of the various features present in color magnitude diagrams).
In order to measure distances from CMDs, we use the tip of the red giant branch (TRGB) method. One of the most efficient and precise approaches to measuring distances in the local universe, the TRGB method is a standard-candle distance indicator based on the predictable maximum luminosity of red giant branch (RGB) stars, M I TRGB ≈ −4.05, just prior to the helium flash 5 (McQuinn et al. 2017) . To make a quantitative measurement of the TRGB, which manifests as a discontinuity or 'edge' in the luminosity function, we 4 https://ned.ipac.caltech.edu/forms/calculator.html 5 Note that the "tip" of the RGB is not a limit, but the magnitude above which the slope of the luminosity function steepens. In well-populated CMDs there are many giants that are brighter than the tip, including all stars on the AGB.
used the logarithmic edge-detection filter described in Méndez et al. (2002) applied to a Gaussian-smoothed LF as in Seth et al. (2005) . The stars used in the measurements are the black points in the CMDs in Figure  6 .
The TRGB magnitudes and associated uncertainties were determined by running 1000 Monte Carlo trials with bootstrap resampling of the stars. In each trial, Gaussian random errors based on artificial star tests were added to the resampled photometry. Each trial returned the magnitude corresponding to the peak of the weighted edge-detector response function. We then generated a histogram of the resulting magnitudes and fitted the peak with a Gaussian. We take the mean and spread of this Gaussian to be the magnitude of the TRGB and its random uncertainty. As in Méndez et al. (2002) , the edge-detector response was weighted by the Poisson noise in the smoothed LF in order to reduce the effect of noise spikes generated by large variations in the LF at magnitudes brighter than the TRGB due to the small number of asymptotic giant branch (AGB) stars. However, in some Monte Carlo trials, there were still additional peaks in the edge-detector response that clearly do not correspond to the TRGB magnitude. In these cases, we initialized the Gaussian fit close to the likely TRGB peak. In all cases, we scrutinized the results by examining diagnostic plots like the ones shown in Figure 7 . We find that this method provides well-converged estimates for the galaxies with a well-populated RGB above the photometric limit. We also verified that the maximum likelihood technique of Makarov et al. (2006) gives similar results to the edge detection method.
The observed TRGB magnitudes can be converted to distances using the absolute magnitude of the TRGB. The absolute magnitude of the TRGB in the I 814 filter has a well-known slight dependence on metallicity, which can be taken into account by using a color-dependent correction. We use the calibration from Rizzi et al. (2007) derived for the HST /ACS filters, reproduced here:
Distance estimates were then calculated by drawing 1000 magnitude values from the Gaussian used to fit the TRGB magnitude, and assuming the above absolute magnitude calibration, where the V 606 − I 814 color used corresponds to the median color of the stars at the measured TRGB magnitude. We take the mean and standard deviation of the resulting distribution to be the distance estimate and its random uncertainty.
In order to apply this method, the RGB of the CMD needs to be sufficiently populated well above the pho- Figure 5 . GALFIT models for all the galaxies in the sample, ordered by effective surface brightness. Shown for each object is the fitting region in the stacked V + I image (left), best fitting GALFIT model (middle), and corresponding residuals (right). All panels are displayed with the same pixel stretch. Note that the size of the fitting region is not the same for each galaxy; the boxes do not all have the same size. North is up and East is to the left. tometric limit of the observations. This is the case for all galaxies in the M 96 field as well as NGC 4258-DF6; our measurement of their TRGB magnitudes are indicated as red, dashed lines in Figure 6 and corresponding distances are shown as the blue points and uncertainties in Figure 9 . Although we attempted to measure it, we do not identify the TRGB in the other galaxies in our sample for one or more of the following reasons: (1) the CMDs are too sparsely populated (as in NGC 4258-DF2 and NGC 4258-DF3), (2) there is too much contamination from bright stars (as in the star forming galaxy NGC 1084-DF1), (3) there is a concentration of detections near the photometric limit, but it is caused by noise peaks and blending (as in NGC 1052-DF2 and NGC 1052-DF4), as we verified using artificial star simulations (van Dokkum et al. 2018d ). The absence of a TRGB well above the photometric limit immediately places lower limits on the distances to those objects. As in Karachentsev et al. (2017) , assuming that the TRGB has absolute magnitude M I814 TRGB = −4.05 and V 606 −I 814 ≈ 1, we can obtain a very stringent lower limit by asserting that the TRGB cannot be brighter than the brightest stars in the CMD with V 606 − I 814 ≈ 1. The lower limit distances shown in Figure 9 were derived using this logic. Note that these limits are very conservative for CMDs with many detected objects; furthermore, some of the CMDs may have noise/contamination detections at bright magnitudes which falsely drive the limits to lower values. In the case of NGC 1084-DF1, the limit is driven down by bright, non-RGB stars with V 606 − I 814 ∼ 1. Figure 6 . Color-magnitude diagrams of galaxies in our sample, imaged with HST /ACS and photometered with DOLPHOT. The other distance estimation method we use is the surface brightness fluctuations (SBF) method. The goal is to measure distances to galaxies that are beyond the reach of the TRGB method (with our photometric depth), but we apply it to as many galaxies in the sample as possible so that we can test whether the two methods are consistent with each other. The SBF distance indicator was originally described by Tonry & Schneider (1988) and has since been used widely. In this method, one measures the pixel-to-pixel variance in the surface brightness a galaxy arising from fluctuations in the number of stars per resolution element; the amplitude of the measured fluctuations scales inversely with the distance to the galaxy (Binney & Merrifield 1998) . The metric is the SBF magnitude, which is effectively the luminosityweighted average brightness of the stars in the galaxy.
SBF DISTANCES
We followed most of the usual prescription for applying this method (e.g. Mei et al. 2005) . First, we apply the masks used in the GALFIT fitting to the drizzled I 814 images. Then, we subtract a smooth model of the galaxy. Other authors have used elliptical isophotes for the model but here we simply use the best-fitting GAL-FIT models. Next, we divide the image into concen- Figure 8 . Fits to the azimuthally averaged power spectra for NGC 1052-DF2 in three annuli, as described in the text, showing the section of the original (masked) image within which the measurement is performed (top left), the same section of the image after subtracting the GALFIT model (top right), power spectrum measurements of the data within each annulus and best fit curves (bottom left), and the distribution of SBF magnitudes from numerous trials of varying the fitting range (bottom right). The adopted SBF magnitude and uncertainty are the mean and spread of the Gaussian fit to the histogram.
tric elliptical annuli, with position angle and axis ratio corresponding to the GALFIT model, and measure the 2-D power spectrum within each annulus. We do not attempt to separately model and remove contributions to the SBF from globular clusters and background objects (see Mei et al. 2005 ) because they were already included in the mask and/or their contribution to the uncertainty in the measurement is small compared to the random uncertainties from the fits. Next, we measure the power spectrum of the normalized point spread function (PSF) and of the window function, where the window function is the product of the mask, the square root of the smooth model, and an annular mask which selects the region being analyzed, in each concentric annulus. We construct the PSF from unsaturated stars in the field. For each annulus, the image power spectrum P (k) is then modeled by a linear function:
where E(k) is the "expectation power spectrum", which is the convolution of the normalized PSF power spec-trum and the window function power spectrum, and P 0 and P 1 are constants which are optimized to provide the best fit. The constant P 1 represents the flat, white-noise component of the power spectrum. The constant P 0 is the quantity of interest; it is the amplitude of surface brightness fluctuations in units of the original image, which we then convert into the corresponding magnitude.
In practice, one usually fits the azimuthally averaged power spectra, as shown in Figure 8 . For each annulus, we performed the fit multiple times, allowing the range of k values over which the fit is performed to vary slightly until convergence was reached. The reason for allowing this flexibility is because at low wave numbers, the power spectra may be affected by large-scale background light subtraction, while at high wave numbers, the spectra may be affected by pixel correlations introduced by the geometric correction from drizzling the images. The section of the image used in the measurement was manually tweaked for each galaxy in order to increase the stability of the fits; it was typically a region of radius between 0.5R e to 1.5R e centered on the galaxy. The annuli were then excised from within this region.
The uncertainties are dominated by the variance in the measured SBF magnitude in the different annuli. In order to estimate the random errors from the fits, we recorded the SBF magnitude measured in each annulus and for each range of wave numbers fit. We then generated a histogram of the resulting magnitudes, weighted by the χ 2 values of the fits, and fit the peak with a Gaussian. We take the mean and spread of this Gaussian to be the SBF magnitude and its uncertainty. In all cases, we verified the results by examining diagnostic plots like the ones shown in Figure 8 . We find that the convergence and stability of the SBF measurement depends on the surface brightness of the galaxy. For this reason, we caution that the measurements for the most diffuse objects (µ 0,V > 25.5) in the sample may be suspect. The other complication pertains to the galaxy NGC 1084-DF1, which has significant clumpy structure, so the smooth GALFIT model is not adequate for producing a clean model-subtracted image. The clumps correspond to star forming regions, which presents another complication as main sequence stars are contaminating the SBF signal. In the interest of consistency we still perform the SBF measurement (with smooth model and extrapolation of the calibration) on this galaxy, but caution that the result is suspect. We indicate the corresponding distance estimates from these suspect measurements as open squares in Figure 9 .
Distance estimates were calculated by drawing 1000 magnitude values from the Gaussian used to fit the SBF magnitude, and assuming a color-dependent absolute magnitude from the calibrated relation of Blakeslee et al. (2010) , reproduced here:
To obtain the required color index, we derive the relation g 475 − I 814 = 1.852(V 606 − I 814 ) + 0.096 from synthetic photometry and use the overall V 606 − I 814 color of the galaxy, reported in Table 2 6 . We take the mean and standard deviation of the resulting distribution of distance estimates as the distance estimate and random uncertainty, plotted as red squares in Figure 9 .
As noted above, we performed the SBF measurement on all the galaxies, even those that have a distance measurement from the location of the TRGB. The SBF measurements are challenging for galaxies of such low surface brightness, and there is certainly room for improvement in our methodology. Despite that, there is generally good agreement between the SBF and TRGB methods, and the differences are generally consistent with the estimated uncertainties, as seen in Figure 9 . Furthermore, the SBF distances estimated for the objects with no detectable TRGB are consistent with the lower limits from the TRGB non-detection.
6. DISCUSSION 6.1. Environment
As discussed in Section 1, our analysis of low surface brightness galaxies in the M101 field showed that only three of the seven are members of the M101 group (at ∼ 7 Mpc) (Danieli et al. 2017) with the other four likely associated with the background NGC 5485 group at ∼ 27 Mpc (Merritt et al. 2016b) . As for the fields examined in this work, we can glean the following from Figure 9 : All 11 galaxies in the M 96 field are at the distance of the M 96 group. At least three of the galaxies in the NGC 1052 field are consistent with the distance to NGC 1052 within errors, and none have a resolved RGB in their CMDs from two-orbit ACS imaging, placing them all at 14 Mpc (which means that they could all be associated with the NGC 1052 group). In the NGC 4258 field, only one galaxy is at the distance of NGC 4258 with the other four in the background at 12 Mpc. It is not clear which, if any, background galaxies or group(s) these galaxies could be associated with; this is a rich area of the sky with many fairly bright Figure 9 . Distance estimates to the galaxies in the sample, derived from two different methods, as described in the text. The red squares are from the surface brightness fluctuation (SBF) method, the blue circles from the tip of the red giant branch (TRGB) method, and the green triangles indicate approximate lower limits derived from non-detections of the tip of the red giant branch (TRGB) . The open squares correspond to objects with suspect SBF measurements due to extremely low surface brightness or large contamination from blue stars. Note that the error bars on both the SBF and TRGB distances represent the random errors associated with the measurement and do not take into account systematic errors owing to calibration uncertainties, etc. The different fields are delimited by the black dashed lines. The gray shaded regions represent the distance to the main galaxy/group in the field, as quoted in Section 2.2. The SBF and TRGB methods are consistent with each other, and the distances of the majority of the galaxies are consistent with the grey bands. Note that several of the galaxies in the NGC 4258 field do not belong to the NGC 4258 group, but are located in the background.
galaxies at different distances. It remains an open question at this time whether they are all satellites of background galaxies or one or more is an isolated (central) low mass quiescent galaxy. Deeper imaging for accurate TRGB distances, as well as radial velocity measurements, could shed more light on this important question. Lastly, it is difficult to comment on the group membership of NGC 1084-DF1 due to its highly uncertain distance. Overall, we infer from our small sample that ∼ 75 % of faint low surface brightness "blobs" (15/20 with secure distances) are likely associated with the targeted groups, for the particular combination of apparent sizes, surface brightnesses, and group distances that are probed in this study.
Sizes
The derived distances allow the effective radii of the galaxies to be expressed in physical units. In Figure 10 we show our sample of galaxies in the size-luminosity plane, along with dwarf galaxies in and around the Local Group (McConnachie 2012) . Wherever available, we use the TRGB distance to derive the physical size and luminosity, and the SBF distance otherwise. For this Figure we assume that the three galaxies without stable distance measurements are at the distance of the targeted group. The red shaded region shows where UDGs (van Dokkum et al. 2015) fall within this parameter space. Four of the galaxies are (nominally) UDGs: the well-studied galaxy NGC 1052-DF2 (van Dokkum et al. 2018a,c,b) ; NGC 1052-DF4, which is a similar-looking galaxy in the same group, the extremely LSB galaxy NGC 1052-DF1, which has a suspect distance measurement (and thus also physical size), and the somewhat irregular galaxy M 96-DF6. The latter galaxy is one of the closest UDGs currently known: with a TRGB distance of 10.2 ± 3 Mpc, it may be slightly closer than UGC 2162 (Trujillo et al. 2017) 7 . Most of the other objects fall somewhere in between Local Group dwarf spheroidals (dSphs) and UDGs in terms of their size and luminosity. There are only a few galaxies in the Local Group with R e ∼ 1 kpc and M V ∼ −12. By observing more groups, and more massive groups such as M 96, we are able to fill in this region of parameter space.
6.3. Nuclear star clusters and globular clusters Figure 10 . Size-luminosity relation for our sample (colored stars), dwarf galaxies in and around the Local Group (gray squares; McConnachie (2012)), and ultra-diffuse galaxies (UDGs; grey shaded region; van Dokkum et al. (2015) ). The colors of the stars are redundant with the name of the field that the galaxies belong to. Wherever available, we use the TRGB distance to derive the physical size and luminosity, and the SBF distance otherwise. The black crosses under the legend represent the typical uncertainties on the physical size and absolute magnitude from TRGB distances (top) and SBF distances (bottom). The dashed lines are lines of constant effective surface brightness at µe,V = 22, 24, and 26.
Several of the galaxies feature a nuclear star cluster or globular cluster system. The unusual globular cluster system of NGC 1052-DF2 has been studied in detail by van Dokkum et al. (2018c) . NGC 1052-DF4 also appears to host a globular cluster population. Shown in Figure 11 are color images of the central 15 of twelve of the galaxies in the sample that seem to have (at least one) bright compact object within this region. These compact objects all have color V 606 − I 814 ∼ 0.37 and absolute magnitude M I814 ∼ −8.5, which is nearly 1 magnitude brighter than the peak of the globular cluster luminosity function. A detailed analysis of their properties is beyond the scope of this paper; here we note that these compact star clusters appear to be quite common in large, low surface brightness galaxies (Koda et al. 2015; Lim et al. 2018 , and references therein).
CONCLUSIONS AND FUTURE WORK
In this work, we present a sample of low surface brightness galaxies (µ e,V ∼ 25 − 27 mag arcsec −2 ) identified with the Dragonfly Telephoto Array and subsequently followed-up with HST /ACS V 606 and I 814 imaging. Sev-eral of the galaxies are new discoveries, while others had been detected as candidate dwarfs by previous surveys, though none have had an accurate distance measurement. We measure their distances using the TRGB method where applicable and the SBF method otherwise. The SBF measurement is difficult for such diffuse galaxies, but we show that the estimates obtained using this method agree within the uncertainties with those obtained using the TRGB method, in the distance regime where both are applicable.
From the distance estimates, we derive physical sizes and luminosities and find that the galaxies are mostly large (R ∼ 1 kpc), luminous (M V ∼ −12.5) dwarfs. A few are large and diffuse enough to be considered UDGs, which are then among the nearest known UDGs at the time of this writing. Most, if not all, of the galaxies in the NGC 1052, NGC 1084, and M 96 fields are consistent with being at the distance of those groups. The discovery of several new dwarfs in the M 96 group means that the LF of this group can now be updated to include these objects and the question of the 'missing satellites' and 'too big to fail' problems in this group can be reeval- Figure 11 . Pseudo-color HST /ACS images of the central 15 of twelve galaxies in the sample which appear to contain a bright, compact object(s) within this region.
uated. On the other hand, four out of five of the galaxies in the field of NGC 4258 (∼ 7 Mpc) appear to be in the background at roughly twice the distance of the NGC 4258 group. Radial velocity measurements will be helpful in order to determine which, if any, galaxies these objects are satellites of.
HST imaging reveals that the low surface brightness galaxies exhibit a number of interesting features. About half of them appear to host a globular cluster system and/or a large, nuclear star cluster. Among them is NGC 1052-DF2, which has recently been shown to be highly dark matter deficient from kinematic observations of its globular clusters (van Dokkum et al. 2018a) ; the clusters themselves also appear highly unusual in their brightness and structure (van Dokkum et al. 2018c) . Another galaxy in this group, NGC 1052-DF4, appears to host a similar, albeit slightly less numerous, population of clusters and we plan to obtain kinematic measurements of them in order to constrain the galaxy's mass. Two of the galaxies, NGC 1052-DF8 and NGC 1084-DF1, appear to have active star-forming regions, while the rest have old, red stellar populations. This paper presents a first exploration, and we are planning further studies of these objects. We conclude by highlighting the synergy between low surface brightness imaging surveys and HST. Telescopes such as Dragonfly have the capacity to quickly and efficiently detect extended low surface brightness objects, and HST follow-up can then be used to study them in exquisite detail. We plan to search for more of these objects as part of the ongoing Dragonfly Wide Field Survey .
